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JEBGAM AT oR A AAels v Fd4 "t

AT vhefe sk 2 FAdAtel wE A o] Folxl H4 A E

Made W, PHAEQ FGFd Feel: AP ATt pEu
ggolth, FAFAA A% 28 FAA wde FNAGE T
WP FrkE olel, 27 AEHE REITE §F SuE

ZFstgtoma olE  AdifAgel shed Zlolth B dATelA=
22U (Pinus densiflora) @] AJ*71#H 2 RNAE FE% 5, RNA-
seq Hl°|HE o] &3ty Ayt RFAAAE AAdselt 1E

Z1HEE AAAE v FA4Ete] Avy e 9 e wd
A=A 94 e A Azt 2d fAE st &
AFAFdolM 7EF (Pinus densiflora APETALAZ—LIKE(PdAPZL),
DEFICIENTS — AGAMOUS—LIKE(PdDAL), — MINICHROMOSOME
MAINTENANCE1 AGAMOUS DEFICIENS SERUM RESPONSE
FACTOR 1(PdMADSI, SUPPRESSOR OF OVEREXPRESSION OF
CONSTANS1(PdSOCI),  SQUAMOSA  PROMOTER  BINDING
PROTEIN—LIKE 3(PdSPL3), UNUSUAL FLORAL
ORGANS(PdUFO), WUSCHE(PdWUS)) %8 M3 2 FAA=Z
wAastglor, g FAAES Ay bRt ofyep kst
Ak FF FH FHAAES] A MIE

FEot] FAMdES Tl 1 Tees HFTE T Us Aolth
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Al A 2

A1 79 w7

SAA EO A ol WA AP or AHS AES 99
A5l WAlolth. £ =2 Aol FE Gl AT R
AgE = Ao st A2 Ag7F wol A EHYA R, AR A=
Gl JAgolM= AiFer o dgo] AL MEHAA AUtk (Ma
et al, 2021). W71 &N (Arabidopsis thaliana) 8¢ 7L H A Eo A=
LEAFY(LFY) 8t MINICHROMOSOME MAINTENANCE1 AGAMOUS
DEFICIENS SERUM RESPONSE FACTOR(MADS) —box & %
wdke] Frojshs dlxzd AME 2d FHAES Ve SA dis)
o A7l o]FojFHTF(Ng and Yanofsky, 2001; Moyroud et al.,
2010). spARE AAH =3 58] HPeQl 22U (Pinus) ol 1A

PN
T
As 28 fAAe AFelt 1 wd el OE Are PEu

Agshe AES Al ARlelA =l WskskeE el FRE
stz gEn, Agder & AA] Ay IHE o &
2t} (Fenning and Gershenzon, 2002).

AF7A FWel e AU (Pinus  desiflora Sieb. & Zucc.) 9]

WA E AT T AFAY FE J9e Juow @ Fug

1 ] 2- 1_l|



A0 BYA B4R NG Wol, FAY wel B4 5L Fio

7V 3kl H 2tk (Kang and Lindgren, 1998; Lee et al., 2003; Chung

et al.,, 2019). Ao 7lEo] gL Wdge wet 2 Hd3 == 84

Zo dist Aol tF% 1 9tk (Fenning and Gershenzon, 2002).
st &S wid AdEE kol oyxel S A e
AREstth FAGTelA T A g A dE dAE
el o giojolet AU (Pinus radiata) @) 735 73 Aiko] <
13%2] 9ok S A 7t BuEtH(El-Kassaby and Barclay,
1991; Cremer, 1992; Strauss et al.,, 1995). W&t T35 AAsHA]|
U= MAE IS A Al ARREE cduAe) s
BB AFET oA iR B4 A Ul Eee & e

Aoltt.

AAFE 71 AR 717k 30 B33 445 7Y, AgE
F S+ EFFAA (reference genome) 7} FF3817] wl ol HA49
A2 7ls& oldsle A tiwks] oe Holth Fd HA A=A
=dWiol7t wAskE AU F5e] wEe] B AEE Ve

uks] 2] %) kS Aksloltt (Moyroud et al, 2010). 2UHFZolA A

9 #;rﬁ'! _-SI:I_ 1—l| =]



A (whole genome) 7} #4149 FF2 ]9 F3, 2UF5H {34
A71= AR & "ol &3 webd JdGs-Y Astel 7o st
A= FAHoRE oldfslr] Qg A= AAow FHPEHUT

Sl i ol disid AAR E4e FE A
wAoA s A= ool dF EASHATNNiu et al, 2016;
Feng et al., 2018), A4YF9 A= FHE wAATA st
st AdE AFE AQstas ATE AHEZE $itk(Fritsche et al.,
2022). s As) Aol A MADS—box type 1 HdA S
Ao 7] 3 dde] AR #oste fFAAEd 23S
Ak shAIRE A& i dAe 5 NE fFAAERE EEo)
Ho] vel= Aol ol et e s=EH i A8 T FES
A2 SFd @424 o] A 29 A= vedo wEbs LFY,
MADS—=box #3# & Edd=olM v dAgd Jis =4
FAARERE oyt vy gy bl I eA dojuhE dRbAQl
TG A Aol delE olafd A7t Sl
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A2 A T A

ALE abR T3 3D 54 AF

2UN-(P. densiflora)= 7Zskal Hurst s4e] & A58 Y
HL A AEo] 7hsatd, Aol ©dd FFOEA T Y
AR ki ek 2E]an v EivEbelA 9ol AR Fast
A o 5 A 2ES EIs] fd €W |
AFgol A Atk (Kang, 2000). 28 39+ d 1~2d9] de+=
SN2 Gy, ARAEYD FAYse debrer ddd s
s 717b2] 3do] A#- T (Singh, 1978). A & o Fell Lol
FAHT A &l ol 7 Aol doju, AR & Tkl T
Aoz 2dd A T3 FAE Asdn oldx Hdee @
HE] A ol 21 AR ARESk 3 Zxdel mIgEeAl wEg-shH A

A2 25 A 3skot (Houle and Filion, 1993).

M

AT Agr= A Al GAZ 7= 5 Sled, 2 dAn

Hd4 Azl vbgehs ArE Wkt A WA= AAsHel fle

A o] a7 A Aduflel HAeR AAAE

2009). 7 =AY A FEe axld i xdEEdH, 59
Tz A AE UFel g% A5l whgske  H3e Wt

5 4
5 5N B

B
-

=
=
-



dojyt}(Hackett, 1987, 1993; Greenwood, 1995). #dxA4Y
Az dde] wstE Qs =87 FHO Adeld datol 2EE =,
|

o

rlr

Aol ZF AGAL A AEsr] s d=kolgta &
2t} (Day and Greenwood, 2011; Wendling et al., 2014).
ANE AEe A% FF2 A% ASA Bgold Aelstd Fa
wopolld @GS S Aed O oed AT

o] Fo] 5tk (Bonnet—Masimbert, 1987). 959 7ist 242 A2

1960 th ol o] =g =W} E 3} (Cupressaceae) 2
Y943} (Taxodiaceae) oAl A H| @ H A (gibberellic  acid) ¥ #2
AAzxE B4 HAYE FMME M3 2Ho] Jlssithes Aol AS

o} (Kato et al.,, 1958; Pharis and Morf, 1967). 1 9]

T

T 3l
2UH 3} (Pinaceae) oA = AW A d o] 2 AZE AU (Pinus contorta) 2F

E
oy
i

Y (Pseudotsuga menziesin2 NS FEd=d vt

et} 7o) vra] % th(Pharis, 1975a, 1967, 1975b).



A28 A& AAA 2 2 A4

o,
e
-

A=stat A Est & oy FokdAMe AFE A @4
Astzl A wE fEA B4 Jsel  HeFle 53]
AAMA (transcriptome) o]l tigt 5= DNA  wlo]AZ o o] (DNA
microarray) 71&9 &3 /AZF FAAL] ¢k = o|FHE g
AHEE 7] Al ZeReitk. DNA who] A 2ol glo] 7]<=o]yt Real—Time (RT)

PCR 7|2 mRNA 2@ =457 AAF=d, vlolazold o]

N

=2 Augoly  wizHde]l  RHelal RT-PCR 7+
A4+ 4 (genome—wide) 2] F82  #H Ao AERE F
AATH(Mardis, 2008). ®Hide] w=3 H]EE AA == Next—
Generation Sequencing (NGS) 7 &84 2 (high—

throughput) ¥4 o2 {42k W gt of g}
=

—

FHA& 4= 913, non—coding RNA & wz
RNAS ARE AFgdrt oleldt NGS= @ st AlAA, =
Sequencing—By—Synthesis (SBS, pyrosequencing) 7]&<S 7|RFC=®
st F Ade d@es FAdd AfAdsE W RNA-seq©
34 o]tk (Denoeud et al,, 2008). RNA-—seq> =384 Al 5 olA]
RNA Mde] EA9 s ol APA, drsd e Zoin &
7FEQl RNA #29] d7149s 13 4 ity mlojazolgol gl

e ol WHEIY AEYS J1EY A b golm AAA

et al., 2013; Korpelainen, et al., 2015).
T4 AL JARE Q7] s ADAY TlsES AU WHIE
A9tk 140 ArME BAWEe dwmdew

olu]gtt}.  Sanger AlWALS #TAO HWEES o|E3ste= WHoO=E



DNA M<E& &g 4= 3lth(Sanger et al., 1977; Korpelainen, et al.,
2015). NGSzh &= 2AY A7 24 47199 34
spotRbgof o AlFAo] FEA, FAl]l PR A[fAYo]
s o wel Fulnk o] ARY Wgo] st Az e AL
Y= @dEdo] Agd dl MY wEdHeEel=rE Aded wet
asstdd Ble AddeRA M #Rlo] Zhedtth(Marsh, 2007).
H e A VI E EAH PRIVEAR SAY e R
Alddel Zhsetal A sekeS o] &skARt, PCR FF% A&

AgeFskal 21 DNAYW RNA &l 242 Aldd st ol g Wi

il

A Tt AR e AARE Bkl AbgTbss A9l o=
o AtteE ZHdo] glo] Hal Ao &d] AgE 1 9lth(Petersen et
al., 2019).



F=3 £ QlEdl, FLORICAURA(FLO) 9 LEAFY(LFNZ
wol %% (Antirrhinun) 3 of 7178l 22} Fejst AS A|Fow,
okt SNAECN 2 P 2] WAE 2EsE 5T
AARJAES BT 5 YUk olF HHAEH e AEA
A4 & Foll LFY/FLO homologsol A A &3 WEAA =& L35

o Fox  FA¥drt(Moyroud et al, 2010). A& Eo|F
AARRIARRI LEFY: ZRdxAolA dAAQ] AAFx JA4S F5dhe
HAAFQ AARA 7)1 AA A E (floral organ primordia) 2] 4=}

kel S 243k} (Blazques et al., 2006; Liu et al., 2009; Moyroud et

S48 A Hde st faiM= A9F wEE A} (regional
coregulators) 7} Hostth,  of7|F el  SEPALLATAS(SEP3) =
LFY?] 3F5& AR (coactivator) & 2Fg-3hH A ZH A 273 A
TR B(APETALAS, AP3) % C(AGAMOUS, AG) F379]
HeS FETH(Liu et al, 2009a). 9714 AGE ¥ F7)

X
o

-

FTEGAIAF} FE A A (corepressor) & Q13 2 =41 F9j o At
Azt oz EHETH(Liu et al., 2009b; Irish, 2010). 3 APSE
gA3}st7] A8l LEFYA= UNUSUAL FLORAL ORGANS(UFO)Z
de#x F—box w@WAe] Fzgof sty (Chae et al, 2008). =
EXAF ME O 2 7% P42 o fFARES] F5 el 9
£dH=d, ol ABC EHojztx v o] ABCDE EH=

25tk (Weigel and Meyerowitz, 1993; TheiRen et al., 2016).

9 ] 2- 1_l|



of 71" tholl A A—class &A= APETALAI(API) 3 APZ2, B-—class
TAR= AP3S} PISTILLATA(PD, C—class &A= AG, D—class
T A= SEEDSTICK(STK), SHATTERPROOFI(SHPI)Z SHPZ,
E—class §3d#= SEPALLATAILZ23,4(SEP1,2.3,4) %% AGAMOUS—

LIKE 6(AGL6)°] &A1tk Egt A A} SE A el Ziukba o

FEstal, ESE B, A7F @4 @dste] £d& fFEsTh ESt B, C&
TS JAeta, E9 Co =S At 18l E9F C, D7F FA]9
W3] dlo] zpHto] A EtH(Bowman et al.,, 1991; Favaro et al., 2003;

Theiben et al., 2016).

MADS—boxgh= ol & aro MINICHROMOSOME
MAINTENANCE1(MCM]I), of) 7] % off o AG, =0 %259
DEFICIENS(DEF) , Az ik QIZHS SERUM RESPONSE
FACTOR(SRF) oA 13t th(Riechmann and Meyerowitz, 1997).
o] =L MADS—box#hil =¥ DNA A3 ZHle 7HA&
AARRIZLE dF=stebm,  olgd HARIAES AR DNA
4 (consensus DNA  sequence motif Y+  cis—regulatory
element) & <149t FAA AT7F 7R Eol o]Foxl EEAER]
W71t 4070 ©o)Ae]l MADS—box RS 7HAa 9low, g
TS I, S AV 24, 4G AR AT 5 HdS Vs
7FA 2 QtF(Ng and Yanofsky, 2001). MADS—box AAe] A=A
B4 Aol mEY, §d4x s #dse] oS SAT
subfamiliy (clades) & 3 4 Qlt}al $tth(Theissen et al.,, 1996;

Purugganan, 1997). 2&, =, 79 7P HIY 3F 24>

Aolx 27019 MADS—-box A AlFS 7HHow, ®3} o5
MADS—box= E733 F A% (typel, typell)o] Holx o]ojzl

Aow FHEY A= typell AlFedM= K vy} @2 5437

10 i’—'! -I‘F - ‘_]l



TZ27F EAskEH, olg AE AlEo]l sE-—wRelA FEE ol%F
Hslsto] A Ao R WAt (Alvarez—Buylla et al., 2000).

AN EAME B, C/D8t E 42 5 71# & 488 v
A A (homeotic gene) 2] orthologe°] &2l¥ 3t (Mouradov et al.,
1998; Gramzow and Theissen, 2010; Uddenberg et al., 2013; Chen
et al., 2017). B9 C {F#A2] orthologe= A= F e}
STl EEek=d, olE FE dld FAAEel BXAEY
AT Ao Bttt F4 @ (Theissen and Becker, 2004).
ATH7E vhekdt MADS—box homolog7b A A=) dz=]ef] P24
Hojgth= Zlo] waEdoy,
2w I gete] s ofF s ATEA gkt (Benlloch et
al., 2007).

m

E X
=

o
B

Aoy e M2}

11 A 21



A3F Mg & B

A1E AY A8 U AE F3

B71% A Medstn ARAL stadd AAdE s LuR(P
densiflora)E A% AEZ A3t 20221d 3€eA 52714 9]
ZIbEE AyF 3 AAE ddeR sdlon, AATx P40
AAEE 27 AR AFelMRE Ec] Ed wr7AE Edes

717F ok MZ QPHE AHES T (Table 1).

Table 1. Information on the sampling of Pinus densiflora

Sample Sample name Sampling Number of biological
abbreviation date replications
A Apex 2022.03.21 3
F1 Female strobili early 2022.05.02 3
F2 Female strobili mid 2022.05.09 3
F3 Female strobili late 2022.05.16 3
L Needle 2022.05.23 3
M1 Male strobili early 2022.04.25 3
M2 Male strobili mid 2022.05.02 3
M3 Male strobili late 2022.05.09 3
R Root 2022.05.16 3
S Stem 2022.05.16 3
39 2 2V AdF AES AFT H, 7 Al AAEH= 44
e ARde] 3 WA AES AT e Syl v

12 A2t
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Figure 1. Structure of vegetative and reproductive organs of Pinus densiflora. A:

position of female (upper) and male (lower) strobili on apex shoot, B-D:

development of male strobili, E: apex shoot, F-H: development of female strobili
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#2728 RNA 3%, cDNA olBdd AZF 2 Illumina
A4

RNA F&& 918 RE Al&E&E TissueLyzer (QIAGEN) & A3}
Zkzy 303]/ZolA 1+ 30% 232 AAsto] SA42 oA st
t}. 183 1Qeasy™ plus Plant RNA Extraction Mini Kit (iNtRON) &
ARgsto] AlzALS] A&l wel RNAE FEsH3ith. & RNAS <F
(quantity) ¥ <%= (integrity) += Agilent 4200 TapeStatione A}M&3}o]
s om, & RNA 9Fo] 500 ng ©]Aolal RNA Integrity
Number (RIN) 7} 8.0 ©]/dql Z1& 7I£o2 HFE RNA AES Ast
ATt

& 500 ng® RNAE Abgste] 7z A& cDNA holBeE A=
39t (Figure 2). WA RNAES w#H33t F  double—stranded
cDNA(dsDNA) & &A43klth. DNA T38ah 55 ol §ste] vasid
dsDNA?®] =t 44 (end repair)& 1&gl on, 5°—dke] QlAib7] s}
3’—Zdtol otdld (Adenine, A) 97]5 F7}3te] 3’—overhang S EZ
k=0l ol 9H (adapter) A3 ARAR] Aol 7hsatA etk o9
Holl= Zgtoln A9 index AE & olF AAA AAPelA Hash
Madso] 2gEo] l=dl, olEst offHE Ade] EAetE -2
B9 (Thymine, T) 7|9} ©h#std DNA eke] ofuld 7|7} A
stol DNASH ol HHE dAdetglth. Alddel Bast Fist o 2ol
velglE 47] 98 PCR 5% #A4& g ow, golrnaz] Az 7

Aol AgAE BARRS 2y w==2 ALgste] AASAT

o

(LabGenomics).

14 .__:Ix_s _'q.;:-' ok



‘ e — \PS

. g Rd1 SP . P

— — —_— 3 x ——
— = Index /"Rd2 P (® P
Ai. Fragment genomic DNA Aii. Double-stranded cDNA P
(from figure 2B) P7
s b5 P7.
P 4 ~N '/
— Rd1 SP Rd2 SP /'
Index
e Index /R 5P Rd1 SP
B. End repair and phosphorylate
P7 P5
P D. Ligate index adapter
—
P
P 1 o P5 Rd1 SP DNA Insert Index
} P Rd2 SP' T

C. A-tailing E. Denature and amplify for final product

Figure 2. Process of the preparation of cDNA library (LabGenomics)

PCRE T%® DNAE 94 7lgor W&ol 2% A(flow cell)
Frlell FA7IAL, ofHE MAd GRAD efolmry deste] that
5 5A o] o] FAXA A th(Figure 3). FY{AEE ZH¥ DNA
o M2 4& A& Hv g3oR HEdd 971, T, G, O7F dgst
AA BAgss Uls S4s3ItE 100 bp(base pair) M A& FEEFelA
Ald7deto] (paired—end sequencing) & 200 cycle® Z3a}glom,
[llumina platform?! HiSeq2000 (Illumina, San Diego, CA) S A3+
th(LabGenomics).
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to Surface Amplification Generation equeneing

Figure 3. Process of cluster generation (LabGenomics)
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A3 AuUFo REAAMA B4

AEdezr APE raw  read? FHS #EIsy] H4
FastQC(v0.11.9) & AFE3sFth(Andrews, 2010) (Figure 4). olHEHE
Z&3 A Fo]A threshold quality Rt @S quality scoreE 713
readt Trimmomatic (v0.36) & AFg-5}o] A A AT
(ILLUMINACLIP:TruSeq3—PE.fa:2:30:10 LEADING:3 TRAILING:3

SLIDINGWINDOW:4:15 MINLEN:36) (Bolger et al., 2014).

@8 1377
TACGATC

+
FFFFFFFFF
@ae1377
ACAGTTTC
+

:2101:3097: 100808
[ TCATC CAGC

FFFFFFFFFFFF: FFFFFF:FFF: : FFFFFF, FFFFFFFFFFFFF: FFF:F, FF:FFF
!

CCTCAATCACAGGTC

FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF , FFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFE

Figure 4. Example of FASTQ file format (A-1_1_paired.fq)

Trinity (v2.11.0) & AFgste] =X o] E2 (de novo assembly)
oz xFAAAE A8 tH(Grabherr et al., 2011; Haas et al.,
2013). E= 734 M < (contig) o dolell that Ft3} F4ak, NS5O
Trinity ol Al &3k “TrinityStats.pl’ ~23HES 83t A4S

.
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TransDecoder (https://github.com/TransDecoder/TransDecoder/w

k) E Atgsto] ¥ EE AEsE F 100 ofvxAb ©]/de] Open
Reading Frame(ORF) & wWHsh= AYE9S F=o8t. 53 544
(gene isoforms)E A|AsH7] & CD-HIT (v4.8.1) & AFg3te] A

MEEse SH2HY 3 H, 99% AR AdE T 7P I Hds F

Z5to] EFAAAIZ 8319 (i and Godzik, 2006). FZ3 w2
QEOIE MEEE e 3l “NRCDS(Non—Redundant CoDing
Sequence)_Trinity.fasta”® X|A3sto] HFE ZTAAAZA o] &4

o A&t
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A48 HZF Y3 9 DEG &4

3

TrinityollAl  AlFslsE EXWy A~39EZ Fudte] Ayst

oy

U -4 2} (Differentially Expressed Genes, DEGs) #4128

el
(Grabherr et al., 2011; Haas et al., 2013). AAlA] W3 A= AF
3}7] 2] & RNA—-Seq by Expectation—

Maximization (RSEM) (http://deweylab.github.io/RSEM/) W& A&

stol AEH RE AAAE EFEAAR Ol mapping SFATHLI and
Dewey, 2011).

Ay AEE Aarskstrl f1sl Trimmed Mean of M-
values (TMM) A st WHHs ARESFATh T3t &4 wiEe 3
FAA FY8S FJAstr] fsll T34 (Principal  Components
Analysis, PCA)3} A&t AaaA BAS Al R si7]1#<d
edgeR& Abgste] 2= &S sl DEG &4+ A8t 448 o

A9 Fold Change (FC)E& 7FA11 p—valueZ} 0.001X.t} 2o DEGE

|

At o, MZE DEG wagtel] tist heatmaps A sle] Alzb3}

a3l
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http://deweylab.github.io/RSEM/

A58 AUF 71# vla¥ GO enrichment ¥4

Z 4709 7198 ¥ (A vs F1, F1 vs F3, F1 vs M1, M1 vs M2) el

FE et

tlo

]

TransDecoder (https://github.com/TransDecoder/TransDecoder/wiki

3

7kl DEGE

)5 Abgetel d@d MAS o538kl Trinotate pipelines ARE-3}o
o8 FF9 functional annotations X33t SQlite Hlo|E{Ho] A&
Astdon, 1 FHS a3 2o Bryant et al., 2017).

w#  BLAST+(Camacho et al, 2009)% A3t RefSeq
plant(O’Leary et al., 2016) do]lgjHo]A~ee] MA AsAdS v sl
1, HMMER (Eddy, 2011)< ©]&3sto] PFAM(Finn et al., 2016) °.&
G E T elS el vl Tk SignalP (Petersen et al., 2011)%
oz AlS FE}o] = (signal peptide) S &¢13+9 11, TmHMM (Krogh
et al, 2001) 22 9#EA (transmembrane) =WAS o538} 0,
eggNOG (Huerta—Cepas et al.,, 2016), GO(Gene Ontology
Consortium, 2015), KEGG (Kanehisa et al., 2016) & 233 & o
olgulo] A9} vluwekgltl, B A= Trinotate SQlite HoJEjw]o] X
of F7belAtt. Trinity &AZEH ] 7|47} Agsh= AAHES &8

slod Z} v ZE Gene Ontology (GO) enrichment 45 73853t}
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A6E A suke] st 22 §AA G

GO enrichment 4 A5 7|Wo R dke] sfste] A2 oz o]
gl GO termell Z3HE AAMIES BF FE8Ith dld AAMAE2
715S 93]7] 93l Basic Local Alignment Search Tool for protein
nucleotide
AF-g-3o

Redundant (NR) protein sequences H|©|EH|o] A2} AEAl-S v w s}

database using a translated query (BLASTX,

https://blast.ncbi.nlm.nih.gov/Blast.cgi) = NCBI Non-—

B 45 f94E P

o7 AR A AV A
s A (score) 7F 71 =2 AAR LS At 7+ st 24
gene) &2 A GsFH o,

TMM Zdghs ol g3t 7|3 gt 248 F3dx52] ddS vast
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https://blast.ncbi.nlm.nih.gov/Blast.cgi

A72 qRT-PCRI NGS Hlo|g] 9] 4#EA

=719 & Hluzo s dAste] 7] 473 FED g =7 73 (MDD
MZ oA up-regulated DEGel 3si%3t= ALY 6702 down—
regulated DEGl #l@dst= Mg 6715 72t Ao Alste] & 12
Mol MEs FEe5lth ZE 7134 34 =4 Sdste s-2~713
2} (housekeeping gene)?! 18S rRNAE 7]+ A (reference
gene) & AE3A 0 (Niu et al., 2016), BITtA2YY (Pinus taeda) 2
18S rRNA F32}F A4 (Accession: AH001728.2) 2 718 Asdol =

e aA AT AUF EFEAAACAAN FEEAI

=

ftlo

2

T

A

A

Primer3 (https://bioinfo.ut.ee/primer3/) oA RE ZAL I9 =

[e)
&
3t FE70o] 70—150 bp$} melting temperature (T) 60°CHF A7 3}

o] & 13719 Ze}olwE Al&sh3ith(Table 2).
37he] 71(S, F1, MD el s v 3 7HA1e] RNA Al

f{l

= A&t
o & 971¢ cDNAE skl eH, o]u ReverTra Ace® qPCR RT
Master Mix(TOYOBO)E ARgstith. 34 T2 343 RNA
template 8 ul(Z 100 ng) &} 5x RT Master Mix 2 ulE ¥3tslo] M=
T T S8 10 ul® 2483 PCR Hbe2 37TCelA 15+,
50Tl 53, 98T 5t WHEAIRL F 4TolA IA] Bas3ivh
PCR ##]&= TaKaRa PCR Thermal Cycler Dice® TP600& AF&-3}51

1=

A A Zst Zefolw o st 72 MESES] AUFd ddEFS &<
3171 Y&l quantitative Real—Time PCR(qRT—PCR) S 283ttt =
HES-gol 20 ul @ ExcelTag™ 2X Fast Q—PCR Master Mix(SYBR,

no ROX) (SMOBIO) 10 ul, cDNA template 2 ul(Z 100 fg), =/
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https://bioinfo.ut.ee/primer3/

WA Zglolw Z47F 4 ul(2 uM) S &= AT 95TCoA 30
Z gdWAsE & 95T 15%%} 60T 30%E 403 W&o g3 =74

3lal 65~95C T3tellAd 0.5CH 5% +A S E melting—curves 4]
3t qRT—PCR2 CFX Connect™ Real—Time System¥} Bio—Rad
CFX Maestrog AHg-3to] x13&k3itt. RNA—seq W& gtate] Bl s ¢
& 317 WAe AAstR e, % dolE = Delta Delta Ct WHO=E

o5 2ol Attt (Equations 1-1, 1-2 and 1-3).

ACt(sample) = Ctlexperimental gene) — Ctlreference gene) Equation 1-1

AACE = ACH(calibrator tissus) — ﬂft{ut.&m" t:'ssu,e} ..................... Equation 1-2
Fold clange from calibrator tissue = 24 = ; )
B 28 Equation 1-3

: 5 98]



Table 2. Oligonucleotide primers used for validation by gqRT-PCR

Target gene Forward primer Tm (C) Reverse primer Tm (C)
TRINITY_DN2904_c0_g2_il GCTTGACAAGGCTGCAACTC 60.9 GACGCATCTTGTTCCTTCGC 61.0
TRINITY_DN1177_c0_g2_i2 AGGTACCAGATCGAGCAGAGT 61.8 ACAGTCAGCCTTTTCCTGGA 61.6
TRINITY_DN16942_c0_g1_i14 GCTCATCCACTGACACCTCC 63.7 TATCCATCCACAGCCAGCAG 61.9
TRINITY_DN4827_c0_g1_i12 CGCAGACATTTTCACCGTGG 61.7 GTGTGACTTCGCTTCCTCCA 62.5
TRINITY_DN844_c0_g2_i9 GGTACGGATCCTGTCGCATT 61.9 AAGCCCTGGTCAAGTCGAAG 62.8
TRINITY_DN17799_c0_g1_i3 CATCTTCAATGGGGTTTGGGT 61.2 TATGGGATCTGTCGTGCTGC 61.5
TRINITY_DN16126_c0_g1_il GATGTGGCCCTGTAACGGAA 62.8 CTGTGTATCTCTGCGCTCGT 60.4
TRINITY_DN10128 ¢c0_g1_il GGTTTGAAGACGTCGGGGAT 63.3 GCATCAAACTGTGGACGCTC 60.9
TRINITY_DN3863_c0_g1_i21 AATCCTGGGCCCCTACTCAT 64.2 GACTTTTCAGGAGGGGTGGG 65.6
TRINITY_DN3931_c0_g1_il AGCTCGCTAACCCATGCAAT 60.3 AGTGTTGTTCTTGGTGGGCT 61.6
TRINITY_DN262285_c0_g1_il ACTTTGTCGCAGCCCATACT 60.3 CACCGATCAGAGCTTGCAGA 61.8
TRINITY_DN2835_c0_g1_i10 TGACTACTGTGGCGGATTGG 62.2 TTGATCTCATCGAGCGAGGC 61.7
TRINITY_DN986_c1_g1_i10 (18SrRNA)  TCAGAGTGTTTGGGTTCCGG 63.7 GGACCTGGTAAGTTTCCCCG 64.9

* Tm: melting temperature
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A4 723

ATE 24T XA ABAT EEAA A

r.{

™

ESEL

Lo
:ﬂ

e el AT BE HEEY] RNAS ARE-aHo]
Fow AAAsgTh. F 307 ME AR A F
1,878,697,8587112] 100 bp read”} A= 1t} (Table 3).

T
gL

[llumina =

HHEAOoRE 97.01%9 read’}t Q20 ©]A, 91.79%7F Q30 ©]4+e]
S Yo Hy GC S 45619tk A EA E3F 79
et N &% 2e AEolA 00= vebwo, @& F43

£ Esk= reads AAEE AAY AHe SEH O F

RET
e o
o

Z

2

1,770,005,42278 (94.21%) 9] clean readE A3t}
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Table 3. Statistics of raw sequencing data (Quality scale: +33)

Sample Yield Read N(%) GC(%) Q20(%)  Q30(%)

1 A-repl 6,361,938,490 62,989,490 0 45.03 97.22 92.16
2 A-rep2 5,826,017,138 57,683,338 0 44.96 96.91 91.52
3 A-rep3 8,358,700,006 82,759,406 0 45.63 97.09 91.92
4 Fl-repl 5,706,921,776 56,504,176 0 45,51 97.00 91.82
5 F1-rep2 7,215,509,690 71,440,690 0 45.37 96.96 91.67
6 F1-rep3 6,659,688,712 65,937,512 0 45.65 97.03 91.88
7 F2-repl 6,324,507,082 62,618,882 0 45.89 97.20 92.19
8 F2-rep2 7,927,177,506 78,486,906 0 45.60 97.06 91.95
9 F2-rep3 6,326,002,690 62,633,690 0 45.79 97.06 91.94
10 F3-repl 5,953,705,176 58,947,576 0 45.71 96.93 91.75
11 F3-rep2 6,292,284,850 62,299,850 0 45.40 96.94 91.56
12 F3-rep3 6,492,444,832 64,281,632 0 45.94 97.01 91.80
13 L-repl 6,462,792,040 63,988,040 0 47.61 96.97 91.70
14 L-rep2 6,182,348,976 61,211,376 0 45.96 97.00 91.74
15 L-rep3 7,098,430,894 70,281,494 0 47.15 97.07 91.92
16 M1-repl 7,113,335,060 70,429,060 0 45.81 97.30 92.37
17 M1-rep2 5,954,972,726 58,960,126 0 45.62 97.05 91.89
18 M1-rep3 5,825,425,480 57,677,480 0 45.45 97.29 92.37
19 M2-repl 5,845,992 514 57,881,114 0 4557 96.49 90.67
20 M2-rep2 5,749,552,462 56,926,262 0 45.15 97.16 92.03
21 M2-rep3 6,740,956,140 66,742,140 0 45.02 96.60 90.89
22 M3-repl 5,759,522,576 57,024,976 0 45,55 97.21 92.18
23 M3-rep2 5,899,182,548 58,407,748 0 45.63 97.03 91.91
24 M3-rep3 6,596,112,040 65,308,040 0 45.36 96.99 91.77
25 R-repl 5,258,468,040 52,064,040 0 45.45 97.01 91.79
26 R-rep2 5,177,615,520 51,263,520 0 45.49 97.20 92.08
27 R-rep3 5,929,032,492 58,703,292 0 45.37 96.87 91.41
28 S-repl 5,874,811,854 58,166,454 0 45.43 96.77 91.24
29 S-rep2 5,575,590,466 55,203,866 0 45.11 97.12 91.87
30 S-rep3 7,259,443,882 71,875,682 0 45.16 96.90 91.58
Total 189,748,483,658 1,878,697,858 0.0 45.61 97.01 91.79

* Q30(%): Yield of bases with Q30 or higher
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Exd AJAEYE T8l Ao R A el st sk
sl QAT Trinity $ Awel wEw, E 621,75970

‘transcript’®} % 390,51370¢] ‘gene’e] RBAEHAJT HH GC T2

T

41.75% = YEFS T (Table 4). ol fAFS ‘transcript” ME+s <
Y

A

7P 7 ES tEA O =E ‘gene’ol#tal AT 99% [AFSH

{1

oy

TFAAES A 2uy AAAE diste JHE gdS AAEEA

O

Table 4. Statistics of transcripts and genes from de novo assembly in Pinus

densiflora
Transcript Gene
Total number 621,759 390,513
Contig N10 4,333 3,591
Contig N20 3,164 2,342
Contig N30 2,426 1,563
Contig N40 1,883 1,020
Contig N50 1,408 680
Median contig length 381 309
Average contig 764.97 534.08
Total assembled bases 475,628,258 208,565,793
Percent GC (%) 41.75

* Gene: the longest of the 99% similar isoforms
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Figure 5. PCA plots (A-B) and Pearson correlation matrix (C) of all samples
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T 107 71 AEES dde®E o Aswdd 24 Ay, AA
45712 24 H] 3 (pairwise comparison) oA & 25,307712] DEG7}
153t (Figure 6). 2] (R) 9 t& 71#=29 HlueA 7P @2
DEG7} vebstor, dt(A) 3} 73 (F1~3) AEF2 vlaels 7H
A2 B AolE BAn. vy @E WA HlueM= F2 ovs
F34 707} DEGZ 7Fg A<%lal, F1 vs F394 5977 DEG= 7%
otek o e wAE vaelAds M1 ovs M2elA 1,34370
DEGE 7H¢ #9131, M1 vs M3°14 4,8027] DEG=E 7F¢ #otth,

Number of DEGs between samples

- 4044 3221 2015 2194 2367

M3-

values
8000

Mz -

1 -

3902 3755 4203

6000

4000

2270 2024 0

2000

F3- 1943 597 70 0 2024 2184

0

F2- 1580 132 0 70 2270 2015

F1- 1623 0O 132 597 2051 3221

A- 0 1623 1590 1943 3210
A FH EZ Fé L M1 Mﬁ M3 é 3
Figure 6. Number of DEGs between reproductive organ samples of Pinus

densiflora

Aoty 7] 73 Bla (A vs F1), 2719 7] &3 v @ (F1 vs
F3), %71 <473 #7% Hw(F1 vs M1), 18la 27|18 F7]

. 2 A &) 8w

Pl



S B (M1 vs M2) ol 4 DEGES AFE-3t] F 4719 ]
et AR wHd s AAEA BT (Figures 7 and 9). 7}
vl e MA plot?}t Volcano plotS %3] False Discovery

Rate (FDR)<0.05%1 DEGE<S A1Z3}sl3i o (Figure 8).

Color Key |

e N

2 2 B2 2 2 4 2 B 4 B 4 3 % B H
$ 8 % P T P OF OF YT OEOE OEOE T OB
T ] (] | 1 1 ] 1 1 | 1 i 1 1

i | [ ] ™M - o [ | 5| — - ™
A B

Figure 7. Heatmap of DEGs and samples used in pairwise comparisons
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Figure 8. MA plot and Volcano plot of each pairwise comparison. A-B: Avs F1, C-D: F1 vs F3, E-F:
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Figure 9. Heatmap of DEGs on each comparison. A: Avs F1, B: F1 vs F3, C: F1
vs M1, D: M1 vs M2
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A vs F1 vHlmelA vehd & 1,623709] DEG & HAwH(A) A
71670, %7 o 3H(F1) ol A 907707} pd sy =
B3 519 11 (upregulated), Fd st DEG N7} 1,121 7=

yelst ot (Figure 10).
597709 DEG % %7] <713(F1) oA

Oy e @Al Fl ovs F3 HlwoldE &
25670, §71 7-H(E3) oA
A ATk
vs M1 Hl@M= F
2 (M) ol A
DEG2 747} 3,00271=

341707} 7+
z7] 4o}
421271 DEG =

344M=E 717

AT 2H(F1) oA
2,108707F A7 A Zd=gon, fU%

2,10470,

718 wok

B

St wg
FEHMDAN 9867,
A Wt on, 573709 £

GAl M1 vs M2 HlwelM= F 1,34371¢ DEG ¥
S M2) oA 357707}
EATh Fdy bt
e GA(A vs F1/F1 vs F3) oA F#3k= DEGE] 7<= 5871°]aL
el -t
Mre 22719tk BE vla

370t

7] 72

13t DEG7}
ek @A (F1 vs F3/M1 vs M2) oAl & -3t DEG2
o FEAHoT YeEld DEGY =
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Number of up- and down-regulated DEGs
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Figure 10. The number of DEGs in each comparison. A: histogram of up/down-

regulated DEGs, B: Venn diagram indicating the number of DEGs
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u
AC)
=
S

AA AR A 2] HiEst vlwste] 7] 3F vl GO enrichment <
S AT ANkA o2 p—value’t 0.05ET #ow & GO
termo|A] “enriched” ¥ ttal & 4 th(Ren et al., 2017). wWEhA
H AFo = p—value’t ZHe =02 A9 30719 GO terms 7|+°
2 st Zh vlwd BRI EAETE SAS A s i

A vs F19 A%, A (A) oA ‘positive regulation of programmed
cell death (GO:0043068)", ‘plant—type hypersensitive
response (GO:0009626)°, ‘positive regulation of cell
death(GO:0010942)° %} 7ol AlxzALe}L #EE GO7F Wol 3= A
o % YeERYOH, “‘signal transduction(GO:0007165)°, ‘ethylene—
activated signaling pathway (GO:0009873) %} #2 Als Ag 4 =2
2y AHEE GO Btk (Figure 11). 181 ‘defense response to
bacterium (GO:0042742)°, ‘systemic acquired resistance, salicylic
acid mediated signaling pathway (GO:0009862)°, ‘EDS1 disease—
resistance complex(GO:0106093)°, ‘defense response to Gram-—
negative  bacterium(GO0050829)°,  ‘defense  response  to

insect (GO:0002213)°, ‘positive regulation of defense response to

bacterium (GO:1900426), ‘defense response to
fungus (GO:0050832), ‘systemic acquired
resistance (GO:0009627)°, ‘response to other

organism (GO:0051707)° & &% A= dist wo zrgojf 343
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7] S (F1) o= “fatty  acid  biosynthetic

=)
(2,
P

process (GO:0006633)°, ‘lignin biosynthetic process(GO:0009809)°,
‘suberin biosynthetic process(G0:0010345)°¢} o] 43 #HAd=
GO=9] wokom, ‘oxidoreductase activity (GO:0016491)",
‘oxidoreductase activity, acting on single donors with incorporation
of molecular oxygen, incorporation of two atoms of
oxygen(G0O:0016702)’4 9 oxidoreductased] ZA ¥ #HAH GO7}
Wol Wit (Figure 12).

‘oxylipin biosynthetic process (GO:0031408), ‘UDP—
glycosyltransferase activity (GO:0008194)°, ‘linoleate 9S—
lipoxygenase activity (GO:1990136), ‘acid phosphatase
activity (GO:0003993), ‘phenylpropanoid biosynthetic
process (GO:0009699)°, ‘cysteine—type peptidase
activity (GO:0008234)°, ‘transferase activity, transferring acyl
groups other than amino—acyl groups(GO:0016747)’, ‘dioxygenase
activity (GO:0051213)° & thARFECv 49 #dd GOEel &2
ez EA8GIt. =g AE Jdxel #IH¥E ‘plant—type
vacuole (GO:0000325)°, =t il R=Rei o= olm] st
‘methylation (GO:0032259)°, &4 ©°]%& YEl+= ‘transmembrane
transport (GO:0055085)°, ‘apoplast (GO:0048046)°, ‘inorganic
phosphate transmembrane transporter activity (GO:0005315)°,

‘phosphate ion transport (GO:0006817)’2] ¥& H =7 =9
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GO term

Apex vs Female strobili early,
apex enriched

response to other organism - *
regulation of salicylic acid biosynthetic process - .
systemic acquired resistance - L p value
regulation of ranscription, DMAtemplated - @ 2a-04
defense response to fungus - L
positive regulation of cell death -
aerenchyma formation -
regulation of hydrogen peroxide metabolic process -
response to hypoxia -
positive regulation of defense response to bacterium -
defense response toinsect-
ethylene-activated signaling pathway - &
leaf abscission -
defense response to Gram-negative bacterium -
MAD catabolic process -
systemic acquired resistance, salicylic acid mediated signaling pathway -
plant-type hypersensitive response - L BP
defense response to bacterium - L ]
positive regulation of programmed cell death -
signal transduction -
Golgi membrane - &
cytoplasm - &
EDS1 disease-resistance complex -
nucleus - '.' count
DMA-binding transcription factor activity - &
lipase activity - ® =0
& w0

Ge-04

4e-04

L B B B

2e-04

L E RN

ontology

CC
MF

*

MAD+ nucleosidase activity - bl

MAD+ nucleotidase, cyclic ADP-ribose generating - L
MNAD(P)+ nucleosidase activity - &

ADP binding - ®

&0 70 a0 an 100
Hits (%)

Figure 11. Top 30 GO terms in Gene Ontology analysis for A vs F1 comparison, A enriched

37 s | kL

— 1



G0 term

Apex vs Female strobili early,
female strobili early enriched

phosphate ion transport -
transmembrane transport - »
suberin biosynthetic process -
methylation -
phenylpropanoid biosynthetic process -
lignin biosynthetic process -
lipid oxidation -
fatty acid biosynthetic process -
miylipin biosynthetic process -
lignin catabolic process -
apoplast-
plant-type vacuole - *
membrane - @
integral component of membrane - '.'
extracellular region - [ ]
dioxygenase activity - *
inorganic phosphate transmembranetranﬁpnrter activity -
ADP binding -
transferase activity, transferring acyl groups other than amino-acyl groups - *
) symporter achivity - *
cysteine-type peptidase activity -
acid phosphatase activity -
linoleate 93-lipoxygenase activity -
oxidoreductase activity, acting on single donors with incorporation of molecular oxygen, incorporation of two atonﬂ_igquxy en-
} inding -
LIDP-glycosyltransferase activity -
flavin adenine dinucleotide binding -
hydroquinone:oxygen oxidoreductase activity -
copper ion binding -

oxidoreductase activity- L

i) EIIU an
Hits (%)

Figure 12. Top 30 GO terms in Gene Ontology analysis for A vs F1 comparison, F1 enriched
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AdE  ‘petal morphogenesis(GO:0048446)°, ‘petal

development (GO:0048441)°7} g o, ‘DNA —binding
transcription factor activity (GO:0003700), ‘regulation  of
transcription, DNA—templated (GO:0006355), ‘DNA

binding (GO:0003677)°, ‘transcription regulatory region sequence—
specific DNA binding (GO:0000976)’3} o] DNA Agtolu; dAFRIAL
283 #AdE GO M%7t =9k th(Figure 13).

whu ] of A= olu)sh= ‘protein dimerization
activity (GO:0046983)°7} o] Loy, ‘cysteine—type
peptidase activity (GO:0008234) ¢} #2 a4 9 A% =74 YEls
o}, 183 ‘endoplasmic reticulum membrane (GO:0005789)°,
‘plant—type secondary cell wall biogenesis(G0O:0009834)’, ‘Golgi

apparatus (GO:0005794)° 5 A A7|Zolv} Mxzdy #AdA"d GOV}

A3k T ‘diacylglycerol O—acyltransferase
activity (GO:0004144)°, ‘long—chain—alcohol O—fatty—
acyltransferase activity (GO:0047196)°, ‘arachidoyl—CoA:1—

dodecanol O-—acyltransferase activity (GO:0019432)°, ‘triglyceride
biosynthetic process(G0:0019432)°¢} o] thekst acyltransferase
¢ triglyceride (TG) 7} =& 28 A=E woluh =3 A9 43 o
d ¥ ‘sucrose metabolic process(GO:0005985)°, ‘sucrose synthase
activity (GO:0016157)°¢F A& A% wdd <glycerolipid
biosynthesis process(G0O:0045017)°7}F A5t tE. EolstA = 3+
A7 AAE ‘pollen exine formation(GO:0010584)°7F <32 %
7] b g ol A - H Sl

7] R FE3) I E ‘ATP binding (GO:0005524)°, ‘ABC—type
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transporter activity (GO:0140359)°, ‘ATPase—coupled

Mz

transmembrane transporter activity (GO:0042626)° 5 ATP 7}
s F3 F #go] wol yetgt(Figure 14). 7121l a4 24
o Fr)gterE A"y #HE ‘dioxygenase activity (GO:0051213)° %}
‘terpenoid  biosynthetic  process(GO:0016114)°, ‘serine—type
endopeptidase activity (GO:0004252), ‘aspartic—type
endopeptidase activity (GO:0004190)°, ‘proteolysis (GO:0006508)°2]
W=7F Fkew, mF gAdAet Aol oigk wkEQl ‘defense
response to oomycetes (GO:0002229) 9} ‘response to

wounding (GO:0009611)°7} &8} c}.
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GO term

Female strobili early vs Female strobili late,
female strobili early enriched

petal development -
cell cycle -
glycerolipid biosynthetic process -
sucrose metabolic process -
petal morphogenesis -
triglyceride biosynthetic process -
pollen exine formation -
plant-type secondary cell wall biogenesis -
regulation of transcription, DNA-templated - &
Golgi apparatus - L ]
endoplasmic reticulum membrane - ®
nucleus - '.'
cysteine-type peptidase activity - i
sucrose synthase activity - *
transcription regulatory region sequence-specific DMNA binding - ]
DMA binding - @
arachidoyl-CoA:1-dodecanol O-acyliransferase activity -
long-chain-alcohol O-fatty-acyliransferase activity -
diacylglycerol O-acyltransferase activity -
protein dimerization activity -
DhA-binding transcription factor activity - .

70 BIEI a0 100
Hits (%)

s & & + &+ & &

Figure 13. Top 30 GO terms in Gene Ontology analysis for F1 vs F3 comparison, F1 enriched
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G0 term

Female strobili early vs Female strobili late,
female strobili late enriched

terpenoid biosynthetic process - -
ontology
protealysis - . BF
MF
response to wounding - L
defense response to comycetes - L ] count
) ) . * 5
aspartic-type endopeptidase activity - T
® 0
ATPase-coupled transmembrane transporter activity - T . 15
dioxygenase activity - L
p value
serine-type endopeptidase activity - » 0.04
0.03
zinc ion binding - ]
0.0z
ABC-type transporter activity - L 0.01

ATP binding- @

a5 EIIEI a5 100
Hits (%)

Figure 14. Top 30 GO terms in Gene Ontology analysis for F1 vs F3 comparison, F3 enriched
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z7] = (FD 9 271 FFHMD E ¥lwst F1 vs M19] 49, <
T¥Fe 4] ‘DNA—binding transcription factor activity (GO:0003700)°,
‘regulation  of  transcription, DNA —templated (GO:0006355),
‘transcription regulatory region sequence —specific DNA
binding (GO:0000976)’,  ‘DNA  binding (GO:0003677)>,  ‘RNA
polymerase I —specific(GO:0000981)’, ‘RNA polymerase I cis—
regulatory region sequence—specific DNA binding (GO:0000978)",
‘sequence—specific DNA binding (GO:0043565)°2} #Z¢] DNA A%z}
AAR gl dARRIAL e ¥ GOL WIE7F Egkom, dud 4
kS o)u])E}E= ‘protein dimerization activity (GO:0046983) 0] &7 3
t} (Figure 15).

H=23 I} #AHE ‘terpene synthase activity (GO:0010333)°,

‘diterpenoid biosynthetic process (GO:0016102)°, terpenoid
biosynthetic process(GO:0016114)°, ‘pinene synthase
activity (GO:0050550), ‘alpha—pinene metabolic

process(G0O:0018867) 7} o] &Sk Th ol Age] fst
‘magnesium ion binding (GO:0000287)° ¢} lyase &Ael| st ‘lyase
activity (GO:0016829)°, ‘pectate lyase activity (GO:0030570)°7} 1
Ebtt}, g3 2 whdof] gidk flower development (GO:0009908)° 2}
A -9t #AE flavonoid biosynthetic process(G0O:0009813) 7} &
skgl o, Hl o] o st Elall ‘response to light
stimulus (GO:0009416)°7} wepskth = 328 WgS v]shs
‘response  to  gibberellin(GO:0009739)° ¥  M¥AME  H| k=
‘positive regulation of programmed cell death (GO:0043068)°2] W%
b E=Sw a"ln QIabsNkEE Fuiske= @491 ‘protein

serin/threonine kinase activity (GO:0004674)°7} <A 3} ).
b

i &)



FTHAME 5 2 o]29 o]F¥ #HAHE ‘ABC—type transporter
activity (GO:0140359)°, ‘potassium ion transport(GO:0006813)°,
‘potassium ion transmembrane transport(GO:0071805)’, ‘potassium
ion transmembrane transporter activity (GO:0015079)°, ‘calcium ion
binding (GO:0005509)'¢] W=7} &8kt (Figure 16). @jd 23 7
= oJulsl= ‘proteolysis (GO:0006508), ‘ubiquitin—protein
transferase activity (GO:0004842)°¢} xylan 3] %<l ‘xylan
catabolic  process(G0O:0045493)°, ‘xylan 1,4—bata—xylosidase
activity (GO:0009044) 7} WEFSE S ™, arabinan 3 #% <! ‘arabinan
catabolic process(G0O:0031222)°, ‘alpha—L—arabinofuranosidase
activity (GO:0046556)” L9t YERStTh Skt B AlXH 43 v
‘plant—type primary cell wall biogenesis (GO:0009833)°,
‘sporopollenin  biosynthetic  process(GO:0080110)°, ‘cellulose
synthase (UDP—forming) activity (GO:0016760)’¢] o] &= g},

=28 Ad¥ AFE cregulation of auxin mediated signaling

pathway (GO:0010928)°c] Yelta, ATP ddE &3 JAbsinkg-3

SR ‘calmodulin—dependent protein kinase
activity (GO:0004683)°, ‘calcium—dependent protein

serine/threonine kinase activity (GO:0009931)°¢} <l4t3slE ou]sh=
‘peptidyl—serine phosphorylation(GO:0018105) ¢ gt GO7} &A|
st} g, EE 43l ‘carbohydrate binding (GO:0030246)° 8} 314k
A%<l ‘nucleic acid binding (GO:0003676)°¢] t] Wo] w&s}qict &
olstAE  AE¥Y e ST 4% dd® c‘lateral  root

morphogenesis(GO:0010102)°7} 7] =734 e
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G0 term

Female strobili early vs Male strobili early,
female strobili early enriched

response to gibberellin - *
green leafvolatile biosynthetic process - L] count
response to light stimulus - .
alpha-pinene metabolic process - * ® 100
flavonoid biosynthetic process - * . 200
positive regulation of programmed cell death - *
terpenoid biosynthetic process - *
defense response - & . 300
flower development - L]
signal transduction - *
diterpenoid biosynthetic process - . Dr‘ltolcgy
cell differentiation - *
regulation of transcription, DNA-templated - L ] BP
nucleus -
sequence-specific DMNA binding - * ce
protein serinefthreonine Kinase activity - & ME
pinene synthase activity - .
pectate lyase activity - .
RMA polymerase Il cis-regulatory region sequence-specific DMNA binding - L]
lyase activity - L] p value
DMA-binding transcription factor activity, RNA polymerase ll-specific - L] 0.0020
protein dimerization activity - »
magnesium ion binding - L] 0.0015
terpene synthase activity - L] ’
DA binding - & 0.0010
transcription regulatory region sequence-specific DMA binding - ® ’
MAD+ nucleotidase, cyclic ADP-ribose generating -
NAD(P )+ nucleosidase activity -
DMA-pinding transcription factor activity - &
ADP binding y &

G0 70 E!II:I an
Hits (%)

LR

0.0005

Figure 15. Top 30 GO terms in Gene Ontology analysis for F1 vs M1 comparison, F1 enriched
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G0 term

Female strobili early vs Male strobili early,
male strobili early enriched

intracellular signal transduction - g
response to fungus - * R value
lateral root morphogenesis - T
regulation of auxin mediated signaling pathway - .
sporopollenin biosynthetic process - . 0.006
arabinan catabolic process - .
PAMP-triggered immunity signalling pathway - L] 0.004
response to molecule of comycetes arigin - .
peptidyl-serine phosphorylation - - 0.002
¥ylan catabolic process - B ’
plant-type primary cell wall biogenesis - *
potassium ion transmembrane transport - L]
potassium ion fransport - . -
proteclysis -
endomembrane system - * count
integral component of membrane - & 100
extracellular region - ®
membrane - ® & 200
calcium ion binding - *
nucleic acid binding - * '. 300
cellulose synthase (UDP-forming) activity - =
mMRMNA binding - .
calcium-dependent protein serinefthreonine kinase activity - L] ontolo
calmodulin-dependent protein kinase activity - L] ay
alpha-L-arabinofuranosidase activity - = BP
¥ylan 1 4-beta-xylosidase activity - L
ubiquitin-protein transferase activity - * cC
potassium ion transmembrane transporter activity - .
carbohydrate binding - L MF
ABC-type transporter activity - l | | » | |
60 70 80 a0 100
Hits (%)

Figure 16. Top 30 GO terms in Gene Ontology analysis for F1 vs M1 comparison, M1 enriched
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Pk g B34S vwsks ML vs M29] A9, 27 72 (M1D) ©f
Al ‘diacyglycerol O—acyltransferase activity (GO:0004144)°, ‘long—
chain—alcohol O-—fatty—acyltransferase activity (GO:0047196)°,
‘arachidoyl—CoA:1—dodecanol O—acyltransferase
activity (GO:0102966)° 2} #o] O—acyltransferase?] ZAJo] =9
(Figure 17). AWt A3 #HF “fatty acid biosynthetic
process (GO:0006633)°, ‘very long—chain fatty acid biosynthetic
process (GO:0042761)°, ‘triglyceride biosynthetic
process(G0O:0019432)°9] W&ol =orom, Xz ®EIlE YR+
‘lipid catabolic process(GO:0016042)° & yE}%ET}

oz Baypge] #odt= ‘ubiquitin—protein  transferase
activity (GO:0004842)°¢} a4 dAS <Ju]dt=  ‘“transferase
activity, transferring acyl groups other than amino—acyl
groups (GO:0016747)°, ‘oxidoreductase activity, acting on paired
donors,  with incorporation or reduction of molecular
oxygen(G0O:0016705)°, ‘monooxygenase activity (GO:0004497)°7}
EAsAH. Alxds Est =4 53 #¥H¥E ‘ATPase—coupled
transmembrane transporter activity (GO:0004842)°, ‘ABC-—type
transporter activity (GO:0140359)°2] & WIE7F ko™, ‘heme
binding (GO:0020037)°, ‘DNA —binding transcription factor
activity (GO:0003700)°¢} &2 A9 ddo] Yebstth T3k Al 27

7S YE+= ‘endoplasmic reticulum membrane (GO:0005789)° 2}

T 5o o sk HE-2-Ql ‘response to water
deprivation (GO:0009414)°, Tl A Al ‘suberin

biosynthetic process(G0O:0010345)°7} 3]s}
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division (GO:0051301)", ‘phragmoplast (GO:0009524 ),
‘microtubule (GO:0005874)°, ‘microtubule binding (GO:0008017)°,
‘microtubule motor activity (GO:0003777)°, ‘microtubule—based
movement (GO:0007018)°, ‘cell cycle (GO:0007049),
‘spindle (GO:0005819)°, ‘mitotic cell cycle (GO:0000278)°, ‘mitotic
cell cycle phase transition (GO:0044772), ‘nuclear
microtubule (GO:0005880), ‘regulation  of  mitotic spindle
organization (GO:0060236)°, ‘mitotic spindle (GO:0072686)°%] HIE
7} =9kt (Figure 18).

MEFEA Al DNA e H3te} @ %E ‘DNA topoisomerase type 11
(double strand cut, ATP-hydrolyzing) activity (GO:0003918)°,
‘DNA topological change(GO:0006265)°, ‘double—strand break
repair via homologous recombination(GO:0000724)°, ‘DNA
repair (GO:0006281)°, ‘double—stranded DNA
binding (GO:0003690)°°] ettt ATP A¥S ov|ete ‘ATPase
activity (GO:0016887)°, ‘DNA—dependent ATPase
activity (GO:0008094)°, ‘ATP binding (GO:0005524)°¢] o] &3}
Rom, QFsags s YEE  ‘cyclin—dependent protein
kinase holoenzyme complex(GO:0000307)°, ‘regulation of cyclin—
dependent protein serine/threonine kinase activity (GO:0000079)”,
‘cyclin—dependent protein serine/threonine kinase regulator
activity (GO:0016538)°, ‘protein kinase activator
activity (GO:0030295)°7F Atk B3 A EolA = /713t

%2l ‘phenylpropanoid metabolic process (GO:0009698)°7} v}e}wETE
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G0 term

Male strobili early vs Male strobili mid,
male strobili early enriched

hydrogen peroxide catabolic process - T
suberin biosynthetic process - * p value
defense response to fungus - L]
; 0.04
leaf morphogenesis - .
triglyceride biosynthetic process - . 0.03
very long-chain fatty acid biosynthetic process - .
fatty acid biosynthetic process - * n.0z2
lipid catabolic process - *
A 0.01
response to water deprivation - *
chloroplast- L
integral component of membrane -
endoplasmic reticulum membrane - ®
extracellular region - . count
transferase activity, transferring acyl groups other than amino-acyl groups - * ® 50
arachidoyl-CoA:1-dodecanol O-acyltransferase activity - .
long-chain-alcohol O-fatty-acyltransferas e activity - . . 100
diacylglyceral O-acyltransferase activity - . . 150
ABC-ype transporter activity - -
ATPase-coupled transmembrane transporter activity - .
iron ion binding - *
ubiquitin-protein transferase activity - * Dntology
DMA-binding transcription factor activity - L BP
hydrolase activity, acting on ester bonds - -
oxidoreductase activity, acting on paired donors, with incorparation or reduction of molecular oxygen - - cc
monooxygenase activity - L MF
heme binding - . . . . . [ ] .
75 a0 a5 a0 a5 100
Hits (%)

Figure 17. Top 30 GO terms in Gene Ontology analysis for M1 vs M2 comparison, M1 enriched
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GO term

Male strobili early vs Male strobili mid,
male strobili mid enriched

regulation of mitotic spindle organization -
lignin catabolic process -
mitotic cell cycle phase transition -
regulation of cyclin-dependent protein serinefthreonine kinase activity -
phenylpropanoid metabolic process -
mitotic cell cycle -
cell cycle - -
DMA repair - -
microtubule-based movement - L
double-strand break repair via homologous recombination -
DA topological change - *
cell division - ®
mitotic spindle - 't
nuclear microtubule - T
nucleus - .
spindle -
cyclin-dependent protein kinase holoenzyme complex -
microtubule - ®
phragmoplast -
protein kinase activator activity -
copperion binding - *
hydroquinone:oxygen oxidoreductase activity - T
ATP binding -
DMA-dependent ATPase activity - T
cyclin-dependent protein serinefthreonine kinase regulator activity - T
ATPase activity - »
double-stranded DMA binding - T
microtubule motor activity - *
DMA topoisomerase type [l (double strand cut, ATP-hydrolyzing) activity - *
microtubule binding = ®

40 60 a0 ‘1EIIEI
Hits (%)

* * & & F ¥

* &

Figure 18. Top 30 GO terms in Gene Ontology analysis for M1 vs M2 comparison, M2 enriched
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A48 AUF9 TH /3 2d XA 84 9 7]#E
H|

GO enrichment 4 ZAIE wgo=z 7t =43 APAo=
A#E GO termES FE3T. 18 F GO termell E3HH o
AE AAA ADdES ez sto ojn dExl & FEFE N
24 9mds FHoR A7 AdeAde #dslth F1 vs F3, Fl
enriched” Z}e|a2g]o4]  ‘petal morphogenesis(GO:0048446)°<}+
‘petal development (GO:0048441)’¢] &Fst+= HAAMAESY AMES
F=oto] blastxE AWt A3, T 8/ ML F T Lol Wax
Ester  Synthase/Diacylglycerol — Acylitransterase(WSD) 2}  7}3+
G-AFEFSl 1,  basic  Helix—Loop_Helix (bHLH) AA}1A}¢} &
Aol 17h SAF T AR ARACE Jhst =4 WAy
M AL vERA] ¢Skt (Table S1).

‘F1 Vs M1, F1 enriched’ F4He 28] o A ‘flower

%
i}

development (GO:0009908) 9] & @sl= ZHAAES] ALES F=E3519]
blastxE Ast Ay, F 4879 ML F 27 AP2, 97t
DEFICIENTS AGAMOUS-LIKE (DAL), 13/W7}  MADS, 7717}
SUPPRESSOR OF OVEREXPRESSION OF CONSTANSI(SOCI),
207y UFO,  2/W7v  WUSCHEL(WUS), 1717} SQUAMOSA
PROMOTER BINDING PROTEIN-LIKE(SPL)$t 7V frAbateict.
T3t 3707} Gibberellin 20—oxidase (GA200x), 2707} peroxidase 2}
ARG 9, AINTEGUMENTA, AT-hook protein, GATA,
HEADING DATE REPRESSPR, SODIUM POTASSIUM ROOT
DEFECTIVE, R2R3MYBI1, Snfl kinase interactor®} AFsE XA
Z}z} 1704 UERs T (Table S2).
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‘F1 vs M1, M1 enriched’ 7}8]228] oA ‘sporopollenin biosynthetic
process (GO:0080110)°° &Fst= HAAAIESY AEe F=319
blastxE Ayt Ay, F 20718 A9 F 67017} ABC transporter,
2707} chalcone synthase, 5717} cinnamoyl—CoA reductase, 2717}
flavonoid 3’ hydroxylase, 2717} tetraketide alpha—pyrone reductase
A g 7 f AR 3L, acly—CoA  synthetase$} cytochrome
P4503 fAbst Mol Z-zh 170 debge kAR A A s
A iz A AL veRbA ¢Skt (Table S3).

b g A @] del] A3l (score) 7t 7HE w2 AYEE

2 FEI olgws AYUTY F Ne =4 /AR
A3t tH(Table 5). HFHoz2 Auvy 3 2d Ao #ojst=
7FRe SR OME xdE fHAE #degien, I FRE
APZL(AP2L1, APZL3), DAL(DALS3, DAL4, DALIO, DALI19),
MADS(MADSS3, MADS4, MADS5, MADS6, MADS?7), UFO(UFOI,

UF02), SOCI1, SPL3, WUS°|t}.
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Table 5. BLASTX best-hit results of candidate flowering regulatory genes of Pinus densiflora

Species Protein Accession Transcript ID Identity (%0) E value Score (bits)
Pinus tabuliformis AP2L1 AJP06234.1 TRINITY_DN2887_c0_g3 il 99 0 753
Pinus tabuliformis AP2L3 AJP06236.1 TRINITY_DN2887_c0_g2_i2 99 0 1170
Pinus tabuliformis DAL10 AJP06266.1 TRINITY_DN5374_c0_gl1_i5 100 0 530
Picea abies DAL19 AGR53805.1 TRINITY_DN7611 c0 _g1_il1 71 1E-92 192
Pinus tabuliformis DAL3 AJP06276.1 TRINITY_DN1774_c1 g1_i23 76 4E-123 363
Pinus tabuliformis DAL4 AJP06277.1 TRINITY_DN7611 _c0 _g1_i7 98 7TE-136 407
Pinus tabuliformis MADS1 AJP06319.1 TRINITY_DN14061_c1_g2_il1 99 6E-166 481
Pinus tabuliformis MADS3 AJP06321.1 TRINITY_DN8544_c0_g2_i5 99 4E-171 498
Pinus tabuliformis MADS4 AJP06322.1 TRINITY_DN10705_c0_g1_i19 61 7TE-40 150
Pinus radiata MADS5 AAB80808.1 TRINITY_DN14326_c0_g1_il 92 8E-134 388
Pinus tabuliformis MADS6 AJP06324.1 TRINITY_DN3223 c1_gl1 i9 96 4E-124 375
Pinus tabuliformis MADS7 AJP06325.1 TRINITY_DN3223 c1_gl i15 97 1E-167 476
Pinus taeda SOC1 AZA14799.1 TRINITY_DN1774_c1_g1_i25 92 5E-141 411
Larix kaempferi SPL3 UXE52212.1 TRINITY_DN43672_c0_g1_i2 88 2E-89 285
Pinus tabuliformis UFO1 AJP06363.1 TRINITY_DN15623_c0_g1_il 99 0 791
Pinus tabuliformis UFO2 AJP06362.1 TRINITY_DN27618_c0_g1_i2 99 0 779
Pinus pinaster WUS ALN42231.2 TRINITY_DN12004_c0_g1_i2 98 6E-154 444
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Figure 19. (continued)
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Figure 19. Expression of candidate flowering regulatory genes between reproductive organs of Pinus densiflora

56 a;‘f ﬁr]



o ATeA Edsk T 1709 $R s 2

fAAEe) BARE

Abgte]l PCA plote 478kt (Figure 20). A9 oF-3e} 7

O

MES] A9 Al e e dA (7], F7,

7} shte] 7o v BASgTh HEAHoR Y

B

Al Fu FAAEY WHgow 2Ry 7} 7w

PCA plot with expression values of candidate genes

PC2 (29.87%)

0.0-

—DI.E D.ID
PC1 (36.62%)

THhE B

A

N

:i
i
of

=
PCA plot 4
?_

= O
ZAEE

M
]
X

Type
Apex

|+ | Female strobil
[ = | mate stropi
EI Needle

EI Root

Stem

Figure 20. PCA plot with expression values of the candidate flowering regulatory

genes of Pinus densiflora

o7



A54 DEG 2@ ZFe| s qRT-PCR AF

 A7olX RNA-seq HelHE o]gsto] Art4 2d HA=s A&
Al SRS Felska A dd BAS A8 s, 12709
DEG MdS doder HdAsto] qRT-PCRE FF3k3ith(Figure 21).
g JdEol gt qRT-PCR 5% # ¥ RNA-seq HAFS vl
A, ABAGF(R) 0.74% 7} MZ oA o] e wBlo] N7 gA}Et=

A& A3t & RNA-seq HOIHE #435Fo] |4 st &2 oA

o ARse AN 5 Uvky BT

Regression test of logFC data between gRT-PCR and RAN-seq

10-

n
|

o
B
{I D
z y=1441x+3 235
) R2=0.7444
/- .
10-
15- * *
10 5 0 5

gRT-PCR

Figure 21. Validation of RNA-sequencing results by gRT-PCR
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A1A 2% 73 wg 39 42t B HH =
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<GuE A TdRFNA Y AsdE 9 e RE>

A A A} (Programmed Cell Death, PCD) &= 21 E2] kA4 ©HA
o} A GAeA EFE HAxE dAoRE A AA, weA U,
v Ao H4=HQl 2@40|thH(Wan et al, 2002). A& dA2 w=3k¢}
daglol o, Eel, 7] Ad o 54 FielA PCD7F dojd =+ 3l

T} (Xu and Hanson, 2000). JA3E W= &= A= A A

i
o

gHor vy Ee FodE AAste] 73 AAAIE (cone

primordia) & AJAtsoF sk=dl, olu PCD7} T3t 9g-& &= H o

Resistance(R) F+AA7} T st o9& sty 229 R F34xke ¥4

olo
ol
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A el avirulence(avr) A7} 4
o] wWojzxkgo] &A3¥Et(Baker et al., 1997 Bonas and
Anckerveken, 1999). W A7} 4R 9 o] 7+ R 9l QA Hs %A

oM A RS Aety] gl FEAow o] ks, ol

i

vk (Hypersensitive Response, HR)©|#tal 3ttt (Matthews,

1991). HRo] A&t o] 5 A vhakst A el id o 4
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¢ AFAAE 2] S8 oY AEdE o] &stEn ol E dAlE

Z3FA] (Systemic Acquired Resistance, SAR)o]g} &n F&3

o

By

£

= A=y YA AsRgor] BakA AT (Ross, 1961).
SAR #gelA W3 = FAAE2 Wolg e IiHd=S ot
sh=tl], Pathogenesis—Related(PR) wzlo] oj7]e] sjdtdth(Ward

et al., 1991).
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AxA oA E1r (terminal bud)& It 7] P& +L x4 (Shoot
Apical Meristem, SAM) 2] &4 & drjFo=ZE

Kende, 2000; Ruonala et al., 2006). o€ &l ZLo] Aalol| g 2]
o] wstel] o] 27|7kA] gkl AnkA Rl FAge] #ofgth(Reid and Wu,

1992).

AUF 473 e A £ dAbR

LA F4 AHshekd a4 (Protochlorophyllide OxidoReductase, POR)
T AE ddel] a8 Gaolty PORS WS Algste] T2eEd=22d
2] = (ProtoChlorophyllide) & &2 232 = (Chlorophyllide) 2 S A
Ao AFA FA 57 HAHolM Sl e Tt (Begley and
Young, 1989; Wilks and Timko, 1995). {54+ 84 2849 +4

Q20la WE FobA ouAE wdsh: V% SR, Ad¥ 7]

EAete RAow delx] Yri(Tanaka et al, 2008; Ohmiya et al.,
2014). & A7-olAM AF 2719 A3t nus o 27 G-Il
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e

o A &=
71 o]l ALY WA

F+) ok=r}(Matsuzaki et al., 1983).
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gl

W} Ths

A=

o 9

o} (Kumar, 1983; Durand and Durand, 1984). o] =
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o] (Malik
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ol 9

o=

Bhattacharya, 1979),

7FA 21} (Jaiswal

=
=

Aol

A ARk A

o

1}

et al., 1984; Lal and Jaiswal, 1987).

47 YEhgE=, 1% AtPAP23S
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A7 Fast 424 T shuo|th(Friedrich, 1976). ol 3k w7l
AE FEetE 98-S Sy, vAEY 259 HIE Adtela A #
L5 9lo] A& A 7S B33 4 dtF(De Moraes et al., 2001;

Friedman et al., 2002; Hammer et al., 2003; Reinhard et al., 2004).
wot JdZZ2a-o|= ) ofH EAF Wl A (benzyl acetate) & UHFSH 3]
A BdEEY 3ol wet 29 U7 Ad¥rh(Raguso  and

Pichersky, 1995; Dudareva et al., 2003; Shalit et al., 2004).

FEAChIS FHY F AL R olEs] AFHn oled T

Anthocyanic Vacuolar Inclusion(AVID) 2tx sl=d|, @ 2 EE59] 4
ol FxoA WA E Y (Markham et al., 2000; Grotewold, 2006; Zhang
et al., 2006).

AEo] YA DA A dAZ AeEHA ARGl &
sk s A7, 53] e e Ao e BstEd ofv|
AT OFE 249 olFel oF thAbA Aol dojipof Tt

(Borghi et al., 2022). <l (Phosphorus, P)<& 21 &2 Ao glo] A4

ji3
NS

AQ UF FUda T stuE, BEdel 52 sEE SASHARE A o] A

Frl

7] Ak (inorganic Phosphate, Pi)& ofF @S &
2 Eoko] ¥38tE o] Qltd(Vance et al., 2003). webd A &L F7]Qlal
o] e A Sl FEA 9 A ®sE F8 Fr]R1Ate]
Al dAgel AHgste] dobge o Al "rk(Abel et al, 2002;

Rouached et al., 2010). o|H ¥ A& oFi9o Frof WistAl w3t
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=), ¥ ¢4k (Low Phosphate, LP) FZ7olA A &2 73t A|7]7}
AAdTG= A4 A7 BaE AT (Ren et al., 2019).

O} E 1 E (apoplas) & 71 A9k FE o7 AR ATAfO] IO

A TR V)5S FRAT GRS SRS OlBAIL AZHS T4
shul chek B4 @Al Belshul, 53 AEA 9 wAed Aed
ol dgete golf gy wa® BASS @S gaoln

W SO AR PN %A 2 URA esse] B3t 24 A
o] FytEo] dojudkrh AE7F BAsH7] Qs E AFA A9 ol
S 7telofF sk, ol fldAME dERrt 4 RE ASHAY ofxE
YgAEZREH Y& Sl #Ago] ALttt (van Doorn and van
Meeteren, 2003).

A2 9 (oxylipin) & A"8Ake] ofshatg-ol osf Adw 4kt Z2o]

], A& theFst o] g g RS At SAAEe] s
FHol AAEA(Jasmonic Acid, JA)S A& w35 Aty AFS

o2 2 2dxd, & 27 T & 718 54 FSCM =A e

_l

W} (Hause et al., 2000). JA¥Y ofyzt JAS] ARXEZHA] 5 =
E0] AAEUYIO]E (jasmonates) 21l FE2+=H|, A& 283 A A
EYA QEZoA A4S vEehY 2E0) e Bl By g, &

718 g =3} 5o TWodtth(Browse, 2009; Wasternack et al.,
2013). 53], AXLRYO|ES] s7t oA & W] dojsis

_'C_I)_
WA WA W ANWA Eot FAS ARl FFE F
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(Mandaokar et al., 2006).
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and Costantino, 2018). °j7]1& o= =419 HE7} 225t A7) Z

¢15 91tk (Cecchetti et al., 2013). o 7]|A] AAEALS 2l A7)0 HE
dAe] #Hojate, s A Fed A%e fFEshe Ao® oy

Stk (Cecchetti et al., 2008). 2UF9 A z7] 74 & @A 7}

AEo MEHE AL Sl v AEE A (hemicellulose) & AT
ol FHsHAl e A F styoltk(Thomson, 1993). A=t
(xylan) > 3P AE2A0] FH FAAMATCE beta—14-2AFo= A4
o] 9l vhdHo]th(Coughlan and Hazlewood, 1993; Damaésio et al.,
2011). Ad& E3E GIst= a4k T el xylan 1,4—beta—
xylosidase= A3 AFe} 3pE-o] ek ol wojdithal A St &
B mael et FRAATE axAe] A d o] F 7]l Edst] AlE
ok rewMA S e sk, 7)o v EE sk A

S ol g Ejt AxE AT 9=

H
=2

o

rot

o} (Hruba et al.,

2004).
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S 7F v F-53E Holo}, SEARE o 7)Aol 22 RE A EoA B
AR F-414 dAYZo] APFFE Eo3t BE AEAE HEEo] 9l
S-0] A%t} (Uddenberg et al., 2013; Wendling et al., 2014). °f

7

_

Aol e SN fRAY S AVE AR os 2agthn

&1 4 =6 (Srikanth and Schmid, 2011), 9]

ol
il
™
rlr
Jat
I
b
K3
kit

A= Aoz 3] Hh(Purugganan, 1997; Sundstrom et al., 1999;

Carlsbecker et al., 2004). @A 2& Fdof w=1 B9} C—class 4
&

W oty BaS § 55 =, A4S 25 A-class @A S xS
of 3t} (Theiben et al., 2016). o]x & AR A &%= MADS—box %
Wz o] ohokst 24 s Aol o Ay27|o] APt &

U (Niu et al., 2022). & A7l b2 24559 553 44

ol
x

o

| &2 oY MADS 3H FHAE(MADSI,3,4,5,6,7) 5 U0 A
WhAstR o gk, b Tk oyt o), F7], Byl £ JdrH
ol & Yebth WFEHE (P tabuliformis) 2 PtMADSI11& 232284

o079 AL A= ATdS = Ao e A=d (Ma et al.,

i

2021), o5& &8 AYFAME AN LS FEdhs tFst MADS
AR S0 EA st =48 5 Q)
FLOWERING LOCUS T(FT)S} SOCIE thekst 73t 22 14 oA

WYSE ABES FEHE 4TS s, of/IA FT wude

r

Mst A& HEEHY Q= 73t % 2% EZo|td(Samach et al.,

2000; Yang et al., 2007; Turck et al., 2008; Amasino and Michaels,
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FTO WS FR8t3 FTE SOCIE HdE ZXFo N LRdxs

oA wherst Uizt 2E FAES A7, olul LFYe] HE S
A" A o7 [ 23t} (Liljegren et al.,, 1999; Wigge et al., 2005; Yoo
et al,, 2005). & TN AT SOCI FH FAAE 263
owm Add o 7oA F= Il S Bk o7 SOC!

FH4 A= MADS—box AARRIAE dastsl o FAxZA A 73}

= Frdttty 2e#] 9tl(Parenicovaet et al., 2003). Alth7} SOCI
< A Y S| E dEde AR w3 2Eo] Hdgl

we} =71ehct . B E v (Samach et al., 2000; Jaudal et al., 2018).
webA] B Ao st AYUF SOCI R FAAS}E S4 4=
SOCIL fAkst Bd HH-& 7HA a0 dvkar & = QU

ez
H

F

bl
N

N AR MADS-box FHAR DALIS &R A E9] E-
class A AGLES] homologZA, AW Ao 7o ASS (L3

v ol AR o ddTo] SUlehs AdE EQItH(Tandre et

0

al., 1995). 3+ DALI10S EA7VE1] (Picea abies) 2] dot 4
A AAALS A AT FHelA =4 st Aow

ST DAL1Y9 B3 5A7REn e 3k g4 Al Gl =A

EXE

_l

ol
o

R4

ri){‘_[‘

3ttt 3} (Carlsbecker et al.,, 2003; Carlsbecker et al., 2004;
Uddenberg et al., 2013). A7t WF3E (P tabuliformis) oA
PtDALIZ} PtDAL10S X ¥t MADS—box fA7=0] &Y
Atk (Ma et al, 2021). AlEEA2 AG5 Sl A= DALIO}
W71 hel SOCI A& ortholog f+dAe= Zlo] W ow, uhet

M DALIO #3d7= 2A A=l 5149 MADS—box AL &

Lot

4 At (Uddenberg et al, 2013). & AFforx+= A9 Tkt

DAL X fAxE ddsiglon ojg2 Ad, 474, ¢, 7], ¥
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2007). =3 AP2 AARIAE St AVIE 248 W B 9% T
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7 =oiXths AF A EA%H (Yant et al,, 2010; Aukerman
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VA FTO 2EE AN, AR er A Bz LFYet
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Appendix

Table S1. BLASTX best-hit results of transcripts in ‘petal morphogenesis (GO:0048446)’ and ‘petal development (GO:0048441)’

Species Protein Accession Transcript ID Identity (%0) E value Score (bits)

transcription factor

Camellia sinensis bHLH79 isoform X4 XP_028084308.1 TRINITY_DNB8967 c0_gl_i5 56 4E-41 155
Pinus tabuliformis WSD1 AJP06367.1 TRINITY_DN326_c0_gl_il 58 0 610
Pinus tabuliformis WSD1 AJP06367.1 TRINITY_DN326_c0_gl_i24 60 0 600
Pinus tabuliformis WSD1 AJP06367.1 TRINITY_DN4142_c0_g1_i39 42 4E-135 421
Pinus tabuliformis WSD1 AJP06367.1 TRINITY_DN1911 c0_g1_i9 59 2E-128 390
Pinus tabuliformis WSD1 AJP06367.1 TRINITY_DN4142_c0_g1_i56 43 3E-103 330
Pinus tabuliformis WSD1 AJP06367.1 TRINITY_DN4968 c0_gl il 56 2E-61 213
Pinus tabuliformis WSD1 AJP06367.1 TRINITY_DN4968 c0 gl i3 57 3E-60 199
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Table S2. BLASTX best-hit results of transcripts in ‘flower development (GO:0009908)’

Species Protein Accession Transcript ID Identity (%0) E value Score (bits)
Ginkgo bilob AINTEGUMENTA-like protein ~ BAE48515.1 TRINITY_DN631_c0_g1_il 63 0 557
Pinus tabuliformis AP2L1 AJP06234.1 TRINITY_DN2887 ¢c0_g3 il 99 0 753
Pinus tabuliformis AP2L3 AJP06236.1 TRINITY_DN2887_c0_g2_i2 99 0 1170
AT-hook motif nuclear-localized

Coffea arabica protein 24 XP_027080473.1  TRINITY_DN783_c4 gl il 65 5E-59 210
Pinus tabuliformis DAL10 AJP06266.1 TRINITY_DN5374 c0_gl_i5 100 0 530
Pinus tabuliformis DAL19 AJP06271.1 TRINITY_DN8993 c0 gl i9 97 2E-29 124
Picea abies DAL19 protein AGR53805.1 TRINITY_DN7611 c0 gl i1l 71 1E-92 192
Picea abies DAL19 protein AGR53805.1 TRINITY_DN6053_c3_g1_i12 55 2E-51 177
Picea abies DAL19 protein AGR53805.1 TRINITY_DN6053_c3_g1 i1l 55 2E-50 171
Pinus tabuliformis DAL3 AJP06276.1 TRINITY_DN1774_c1_g1 i23 76 4E-123 363
Pinus tabuliformis DAL4 AJP06277.1 TRINITY_DN7611 c0 _g1_i7 98 7E-136 407
Pinus tabuliformis GA200x1, partial AHW42465.1 TRINITY_DN3160_c0_g1 il 99 0 731
Pinus tabuliformis GA20x12 AHW42462.1 TRINITY_DN13996_c0_g1_i8 57 2E-116 354
Pinus tabuliformis GA20x12 AHWA42462.1 TRINITY_DN13996_c0_g1_i16 52 2E-99 310
Elaeis guineensis GATA transcription factor 19 XP_010925915.1  TRINITY_DN314629 _c0_g1_il 54 2E-18 98.2
Pinus tabuliformis MADS1 AJP06319.1 TRINITY_DN14061_c1_g2_il 9 6E-166 481
Pinus tabuliformis MADS1 AJP06319.1 TRINITY_DN12240 c0_g1_i14 69 3E-51 187
Pinus tabuliformis MADS1 AJP06319.1 TRINITY_DN12240 c0_g1_i10 53 3E-56 183
Pinus tabuliformis MADSS3, partial AJP06321.1 TRINITY_DN8544 c0_g2_i5 99 4E-171 498
Pinus tabuliformis MADSS3, partial AJP06321.1 TRINITY_DN8544_c0_g2_i8 99 5E-131 383
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Pinus tabuliformis MADSS3, partial AJP06321.1 TRINITY_DN8544 c0 g2 _i2 99 2E-104 331

Pinus tabuliformis MADSS3, partial AJP06321.1 TRINITY_DN8544 c0_g2_i4 96 8E-49 172

Pinus tabuliformis MADS4 AJP06322.1 TRINITY_DN10705_c0_g1_i19 61 7TE-40 150

Pinus tabuliformis MADSS, partial AJP06324.1 TRINITY_DN3223 c1_gl1 i9 96 4E-124 375

Pinus tabuliformis MADS?, partial AJP06325.1 TRINITY_DN3223 c1_g1 i15 97 1E-167 476

Pinus taeda MADS-box protein SOC1 AZA14799.1 TRINITY_DN1774_c1_g1_i25 92 5E-141 411

Pinus taeda MADS-box protein SOC1 AZA14799.1 TRINITY_DN1774 _c1 g1_i1 90 2E-126 374

Pinus taeda MADS-box protein SOC1 AZA14799.1 TRINITY_DN1774_c1_gl i7 85 9E-118 354

Mucuna pruiens MADS-box protein SOC1, partial RDX68490.1 TRINITY_DN3584_c3_g1_i3 69 9E-28 112
MADS-box transcription factor

Pinus koraiensis GbMADS5 UXW62812.1 TRINITY_DN4170_c1 g2_i2 91 7E-105 321
MADS-domain transcription

Picea abies factor dal3 variant 2 ADM73188.1 TRINITY_DN1774_c0_g1 i6 70 1E-88 282
MADS-domain transcription

Picea abies factor dal3 variant 2 ADM73188.1 TRINITY_DN1774_c0_gl i12 63 2E-83 269

Pinus koraiensis peroxidase UXW62802.1 TRINITY_DN4869 c0_g1 i10 81 0 539

Pinus koraiensis peroxidase UXW62802.1 TRINITY_DN4869 c0 gl i16 80 0 535
protein HEADING DATE

Elaeis guineensis REPRESSOR 1 XP_010929182.1  TRINITY_DN7119 c0_g1_i9 49 1E-38 149

Cinnamomum protein SODIUM POTASSIUM

micranthum ROOT DEFECTIVE  2-like

kanehirae protein RWR93040.1 TRINITY_DN5375_c0_g1 i2 50 9E-38 145

Pinus radiata putative MADS box transcription AAB80808.1 TRINITY_DN14326_c0_g1_il 92 8E-134 388
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factor PrMADS5
putative MADS box transcription

Pinus radiata factor PrMADS5 AAB80808.1 TRINITY_DN14326_c0_g1_i10 86 2E-119 355
Ginkgo biloba R2R3MYB1 ASR18100.1 TRINITY_DN921_c0_g1_il4 58 6E-61 214
Parasponia andersonii ~ Snfl kinase interactor-like protein ~ PON77759.1 TRINITY_DN7119 ¢c0 _g1_i5 54 1E-46 168
Picea abies SOC1 AJA34534.1 TRINITY_DN16588_c0_g1_i11 65 7E-63 210
Picea abies SOC1 AJA34534.1 TRINITY_DN16588_c0_gl_i12 57 4E-61 206
Picea abies SOC1 AJA34534.1 TRINITY_DN3584_c3 _g1_i2 60 1E-57 190
Larix kaempferi SPL3 UXE52212.1 TRINITY_DN43672_c0_g1_i2 88 2E-89 285
Pinus tabuliformis UFO1 AJP06363.1 TRINITY_DN15623_c0_g1_il 99 0 791
Pinus tabuliformis UFO2 AJP06362.1 TRINITY_DN27618_c0_g1_i2 99 0 779
Pinus pinaster WUSCHEL homeobox protein ANC94876.1 TRINITY_DN26733_c0_g1_il 100 2E-117 348
WUSCHEL homeobox protein
Pinus pinaster WuUSs ALN42231.2 TRINITY_DN12004_c0_g1_i2 98 6E-154 444



Table S3. BLASTX best-hit results of transcripts in ‘sporopollenin biosynthetic process (GO:0080110)’

Species Protein Accession Transcript ID ldentity (%) E value Score (bits)
ABC transporter G family

Citrus sinensis member 2 XP_006474829.1 TRINITY_DN5858 c0 g1 i13 56 0 746
ABC transporter G family

Carica papaya member 26 XP_021905991.1 TRINITY_DN45193_c0_g1_i2 67 0 862
ABC transporter G family

Phoenix dactylifera member 26 XP_038976678.1 TRINITY_DN5858_c0_g1_i11 56 0 729
ABC transporter G family

Phoenix dactylifera member 26 XP_038976678.1 TRINITY_DN5858_c0_gl_il16 56 0 727
ABC transporter G family

Amborella trichopoda member 26 XP_006857737.1 TRINITY_DN45193 c0 _g1_i5 69 1E-134 419
ABC transporter G family

Quercus lobata member 26 isoform X1 XP_030928991.1 TRINITY_DN5858_c0_g1_i8 55 0 729

Cryptomeria japonic acyl-CoA synthetase 5 BDR24743.1 TRINITY_DN11910_c0_g1_i1 74 0 746
chalcone synthase homolog

Pinus radiata PrChS1 AABB80804.1 TRINITY_DN11961 c0_g1 i3 99 0 761
chalcone synthase homolog

Pinus radiata PrChS1 AABB80804.1 TRINITY_DN11961 c0_g1 il 98 3E-110 333

Cunninghamia

lanceolata cinnamoyl-CoA reductase AFX98067.1 TRINITY_DN39924 c0_gl_i6 59 2E-125 378

Cephalotaxus

hainanensis cinnamoyl-CoA reductase UuJ74919.1 TRINITY_DN39924 c0 g1_i21 80 0 551
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Cephalotaxus

hainanensis cinnamoyl-CoA reductase UuJ74919.1 TRINITY_DN39924 ¢c0 g1_i4 78 3E-147 395

Cephalotaxus

hainanensis cinnamoyl-CoA reductase uuJ74919.1 TRINITY_DN39924 c0 g1_i10 76 2E-82 283

Cephalotaxus

hainanensis cinnamoyl-CoA reductase UuJ74919.1 TRINITY_DN39924_c0_g1_i34 76 1E-85 283
cytochrome P450 704B1

Amborella trichopoda isoform X1 XP_006827309.2 TRINITY_DN13087_c2_g1_il 73 0 812
flavonoid 3' hydroxylase-

Ginkgo biloba like protein AJO67233.1 TRINITY_DN5588_c0_g1_i4 76 0 763
flavonoid 3' hydroxylase-

Ginkgo biloba like protein AJO67233.1 TRINITY_DN5588_c0_g1 i3 76 0 763
tetraketide alpha-pyrone

Cannabis sativa reductase 1 XP_030485843.1 TRINITY_DN8134_c0_g1_i3 71 1E-136 404
tetraketide alpha-pyrone

Citrus sinensis reductase 1 KAH9654674.1 TRINITY_DN8134_c0 g1 _i4 67 3E-123 369
tetraketide alpha-pyrone

Citrus sinensis reductase 1 KAH9654674.1 TRINITY_DN8134_c0 g1 il 71 4E-159 466
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Abstract

Transcriptome analysis and
identification of flowering regulatory
genes using RNA—seq in the strobilus
development of Pinus densiflora

Dayoung Lee
Department of Agriculture, Forestry and Bioresources
The Graduate School

Seoul National University

In the case of seed plants, flowering is an essential process for
survival and reproduction, and various genetic changes occur during
the transition from vegetative to reproductive growth. Compared to
angiosperms, in which studies on various flowering regulatory
genes have been conducted, research in coniferous species 1is
lacking. Increasing the expression of the flowering control genes in
conifers will increase cone production, induce early flowering, and
accelerate tree breeding program. In this study, samples were
collected from the reproductive organs of Pinus densiflora, and then
a reference transcriptome of FP. densiflora was generated using
RNA—-seq data. The transcriptomes were compared and analyzed
for each reproductive organ, and biological and physiological
characteristics and flowering control genes of P. densiflora were

identified. Seven candidate genes for flowering regulatory (Pinus
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densiflora APETALAZ—LIKE(PdAPZL), DEFICIENTS AGAMOUS—
LIKE(PdDAL), MINICHROMOSOME MAINTENANCE1 AGAMOUS
DEFICIENS — SERUM  RESPONSE  FACTOR  1(PdMADSI,
SUPPRESSOR OF OVEREXPRESSION OF CONSTANSI(PdSOCI),
SQUAMOSA PROMOTER BINDING PROTEIN—-LIKE 3(PdSPLS3),
UNUSUAL FLORAL ORGANS(PdUFO), WUSCHE(PdWUS)) were

found in P. densiflora. And these genes were expressed not only in

the apex and the female cones, but also in various vegetative organs.

In the future, it will be possible to extract the exact nucleotide
sequence of each candidate gene and verify its function through
transformation. Finally, it is expected that various flowering control

genes of P. densiflora can be registered in public databases.

Keywords : RNA-—seq, Pinus densiflora, cone development,
transcriptome, flowering regulatory genes
Student Number : 2021—-28445
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